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404a Tuesday, March 8, 2011Nuclear magnetic resonance (NMR) shows a strong interaction with lipid drop-
lets on the N-terminus and the a2-a2’ region of DVCP and points to a confor-
mational change transmitted to the a4-a4’ region (C-terminus) via specific
residues located in the a2-a2’ region. Aligning DVCP sequence with 16 Fla-
vivirus spp. capsid proteins demonstrates that the residues identified by NMR
as important for the lipid droplets interaction are conserved in the genus. More-
over, Dengue andWest-Nile virus capsid protein structures super-impose in the
a2,a3 and a4 helices, pointing to a fold conservation among Flavivirus spp.
DVCP a4-helices superimpose with oligonucleotide binding motifs, being
therefore likely to bind RNA. Upon interaction with DVCP, the zeta potential
of lipid droplets progressively shifts from negative to positive values, suggest-
ing the positive a4-helices exposure on the surface of the lipid droplet-DVCP
conjugate.
Concluding, DVCP specifically interacts with lipid droplets via its N-terminus
and the a2-a2’ region, resulting in conformational changes in the a4-a4’ re-
gion and, finally, the DVCP-RNA binding. These regions could thus be targeted
in future dengue drug development strategies.
2185-Pos Board B171
VP4 Protein Appears as a Product of RNA Encapsidation in Triatoma
Virus (TRV)
Jon Agirre, Kerman Aloria, Jesus M. Arizmendi, Ibo´n Iloro, Fe´lix Elortza,
Gerardo A. Marti, Emmanuelle Neumann, Fe´lix A. Rey, Diego M.A. Gue´rin.
Triatoma Virus (TrV) is a non-envelopedþssRNA virus belonging to the insect
virus family Dicistroviridae. Its non-enveloped capsid is composed of four pro-
teins named VP1-VP4, plus the minoritary, uncleaved protein precursor VP0,
which comprises VP4 and VP3. While the smaller protein VP4 (5.5 kDa versus
around 30 kDa for VP1-3) remained undetected in past studies by standard bio-
chemical analyses, the icosahedral (T=1, pseudo-T=3) crystallographic struc-
ture of TrV (PDB ID: 3NAP) raised even more suspicions about its existence
since no electron density could be attributed to this peptide. In the present
work, mass spectrometry (MS) and Tricine-SDS gel electrophoresis were
used to detect the previously elusive capsid protein VP4. Its cleavage sites
were established by sequencing the N-terminus of the protein precursor and
MS, and its stoichiometry with respect to the other major capsid proteins
(VP1-3) was found to be 1:1. We also characterized the polypeptides compris-
ing the naturally occurring non-infectious empty capsids, i.e., RNA-free TrV
particles. The empty particles were composed of VP0-VP3 plus at least seven
additional polypeptides, which were identified as products of the capsid precur-
sor polyprotein (P1). We conclude that VP4 protein appears as a product of
RNA encapsidation, and that defective processing of capsid proteins precludes
genome encapsidation. Our results also suggest that the TrV capsid can be built
without the scaffolding aid of the nucleic acid.
Ribosomes & Translation
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The Role of Initiation Factor 3 Structural Dynamics in Regulating the
Fidelity of Translation Initiation
Margaret M. Elvekrog, Ruben L. Gonzalez, Jr.
Initiation factor (IF) 3 is a protein translation factor that, together with IF1
and IF2, controls the selection of a unique initiator tRNA and the correct
messenger RNA start codon by the small (30S) ribosomal subunit and en-
sures that the subsequent association of the large (50S) ribosomal subunit
is selectively accelerated only in response to a correctly initiated 30S subunit.
IF3 consists of globular N- and C-terminal domains that are separated by
a flexible linker, thus it is a structurally dynamic protein and, perhaps owing
to these dynamics, decades of genetic, biochemical, and structural studies
have thus far failed to provide a widely accepted mechanism through which
IF3 regulates initiator tRNA and start codon selection and 50S subunit asso-
ciation. In order to explore the possible role of IF3 dynamics in controlling
these processes, we have constructed an IF3 variant carrying fluorescence
resonance energy transfer (FRET) donor and acceptor fluorophores within
its globular N- and C-terminal domains and have developed an intramolecu-
lar IF3 FRET signal. Using single-molecule FRET imaging, we are using this
IF3 signal to investigate the intramolecular dynamics of 30S subunit-bound
IF3 during translation initiation. Our results demonstrate that 30S subunit-
bound IF3 can access multiple conformational sub-states whose occupancies
are regulated by the presence of IF1 and/or IF2 on the 30S subunit as well as
by the presence and identity of the tRNA and codon located within the 30S
subunit peptidyl-tRNA binding site. Most importantly, we find that a fully
assembled and correctly initiated 30S subunit uniquely stabilizes a single
IF3 conformational sub-state which we hypothesize serves to permit and/or
promote 50S subunit association.2187-Pos Board B173
Force Measurements of the Disruption of the Nascent Polypeptide Chain
from the Ribosome by Optical Tweezers
Alexandros Katranidis, Wilfried Grange, Ramona Schlesinger,
Martin Hegner, Georg Bueldt.
Despite tremendous efforts and remarkable progress in the understanding of
thermodynamics and kinetics of protein folding processes in vitro (refolding
following unfolding), our knowledge of protein folding in cells is rather lim-
ited. To approach protein folding in the cellular context we propose to investi-
gate co-translational folding in a cell free transcription/translation system,
using single-molecule techniques.
Here, we report the use of translating ribosomes immobilized [1] on a poly-
styrene or silica bead to measure the forces applied on the nascent polypep-
tide chain during co-translational protein synthesis with the use of optical
tweezers. The bead with the translating ribosomes was held with a micropi-
pette by aspiration and the N-terminus of the nascent polypeptide chain
was attached via a DNA handle on a second bead trapped by optical
tweezers.
By pulling the micropipette slowly away from the optical trap we were able to
monitor the applied force versus the extension up to the point where a rupture
occurred. In most measurements the rupture was observed in the range of 10-55
pN, which is consistent with the force that is required to break the hydrogen
bonding between the mRNA and the peptidyl-tRNA carrying the nascent chain
(codon-anticodon interactions) [2]. In order to avoid the rupture in the coupling,
we applied a constant force of 6.5 pN and we monitored the elongation versus
time. It became clear that the N-terminus of the polypeptide chain remained
coupled to the DNA handle through time. By continuing the synthesis it would
be possible to measure the forces applied on the nascent polypeptide chain dur-
ing its elongation.
[1] A. Katranidis et al. Angewandte Chemie Int. Edit., 2009, 48, 1758-1761
[2] S. Uemura et al. Nature, 2007, 446 (7134), 454-457
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Single-Molecule Study of Human Poly(A)-Binding Protein (PABP)
Seunghwan Lee.
It has been recognized that the trans-interaction between the 5’cap structure
and the 3’poly(A) tail promotes translation and its initiation via the physical
contact of the poly(A)-binding protein (PABP) bound to the 3’poly(A) tail
with eIF4G that composes the initiation machinery at the 5’cap structure.
The molecular conformation of the poly(A)-bound PABP may govern the
interaction between PABP and the initiation machinery. Human PABP con-
sists of four non-identical RNA recognition motifs (RRM) and C-terminus
region (a flexible proline-rich linker and a globular domain). The partial
complex (RRM1 and RRM2) of PABP bound to poly(A) has been known,
but the binding conformation of the full length of PABP is still under
investigation.
We have developed a single-molecule FRET assay to study the time-dependent
conformational of PABP bound to the poly(A), which can reveal transient in-
termediate conformations as well as a static conformation of PABP with
a long dwell time. We found that the full length of human PABP bends the
poly(A) strand, which results in a highly stable conformation. In contrast, the
PABP fragment containing both RRM1 and RRM2 stretches the poly(A)
strand. We will present a model of the conformation of human PABP associated
with a poly(A) RNA strand.
2189-Pos Board B175
Single Molecule FRET Studies on Kinetics of Elongation Factor Tu Bind-
ing to the Ribosome during the tRNA Selection Process
Chunlai Chen, Wei Liu, Darius Kavaliauskas, Kiran Poruri,
Charlotte R. Knudsen, Wlodek Mandecki, Yale E. Goldman,
Barry S. Cooperman.
Elongation factor Tu (EF-Tu) ensures fidelity in protein synthesis by medi-
ating the entry of cognate aminoacyl-tRNA (aa-tRNA) into the A-site of
the ribosome via formation of an EF-Tu.GTP.aa-tRNA ternary complex
(TC). In order to probe the kinetic details of EF-Tu interactions with
both aminoacyl tRNA and the ribosome during the tRNA selection process,
we have constructed, purified, and labeled an E. coli EF-Tu mutant at po-
sition 348 (E348C) with either a fluorescence quencher (QSY9) or a fluores-
cent dye (Cy3 or Cy5). This position of labeling allows monitoring of EF-
Tu interactions with fluorescent derivatives of ribosomal protein L11 (la-
beled at position 87) and aa-tRNA (labeled in the dihydroU loop). These
three positions form an almost equilateral triangle within the ribosome, at
distances that are appropriate for sensitive monitoring by single molecule
fluorescence resonance energy transfer (smFRET). Two kinetic steps,
Tuesday, March 8, 2011 405adenoted as TC association (4.750.3107 M1s1) and EF-Tu dissociation
(1251 s1), are found with Cy3-Cy5 FRET pairs or Cy3-QSY9 pairs
placed on L11/EF-Tu, tRNA/EF-Tu (A-site) or tRNA/tRNA (A-site/P-site)
pairs. The reaction rates are almost independent of labeling strategy and
agree with ensemble measurements. At 10 ms time resolution, the FRET
between L11/EF-Tu and tRNA/EF-Tu (A-site) pairs showed only one EF-
Tu bound conformational state that is detectable during the tRNA selection
process, providing strong evidence that, at this time resolution, EF-Tu loses
proximity essentially simultaneously with both L11 and aa-tRNA. Alternat-
ing-laser excitation experiments demonstrate that, following EF-Tu dissoci-
ation, a fraction of aa-tRNA remains stably bound to the ribosome,
corresponding to aa-tRNA that has successfully accommodated into the
A-site, while the remainder dissociates rapidly, presumably due to rejection
via proofreading.
Supported by NIH (GM080376, GM071014 and HG004364) and NIST
(70NANB7H0711).
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The First Atomic Model of the Transfer-Messenger RNA in the Resume
State
Yaser Hashem, Jie Fu, Joachim Frank.
Bacterial ribosomes stalled by truncated mRNAs are rescued by transfer-messen-
ger RNA (tmRNA), a dual-function molecule (362 nucleotides in E. coli) that
contains a tRNA-like domain (TLD) and an open reading frame (ORF) carried
on an mRNA-like domain (MLD). The tmRNA, in association with a small pro-
tein (SmpB), enters the ribosome, occupies the empty A site with its TLD bound
to the SmpB, and switches the translation to its own ORF that codes for a degra-
dation tag. In this study, based on our cryo-electron microscopy (cryo-EM) den-
sity map and biochemical data, we used homology/ab initiomodeling techniques
to build the first detailed atomic model of the tmRNA in complex with the E. coli
70S ribosome in the ‘‘resume state,’’ where the TLD and the SmpB are at the P
site, and translation has resumed on the ORF. Here, we describe how the atomic
model was constructed
based on experimental
data, and how it sheds
the light on the trans-
translation resuming
mechanism implicating
the correct reading frame
selection on the tmRNA
and the passage through
the ribosome, consider-
ing its complex topology.Exocytosis & Endocytosis
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Energy of Formation of a Clathrin Coated Pit
Anand Banerjee, Ralph Nossal.
The assembly of a clathrin coated pit (CCP) during endocytosis is a highly co-
operative process that requires the spatial and temporal coordination of several
constituents. The kinetics of CCP assembly is not well understood, but it is
clear that the energy of creating a high curvature bud from a plasma membrane
of much lower curvature plays a crucial role. We present a phenomenological
model for the energy of formation of a CCP and express the energy in terms of
the size and curvature of the pit. Our model contains three terms, viz., the en-
ergy needed to bend the plasma membrane, a line tension energy, and the en-
ergy stored in chemical bonds. We show that for reasonable values of the
parameters involved in the problem, the plot of the free energy of a CCP
with size shows an energy barrier which has to be crossed in order for a growing
CCP to transform into a vesicle. We discuss the sensitivity of the energy barrier
to the various attributes of the model.
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Coarse-Grained Simulations of Membrane Remodeling by Bar Domains
Haosheng Cui, Edward Lyman, Gregory A. Voth.
Endophilin is a critical protein involved in clathrin mediated endocytosis. The
N-BAR (N-terminal helix and Bin/amphiphysin/Rvs) domain of endophilin
interacts directly with the lipid membrane, binding to regions of highly curva-
ture at the neck of endocytic vesicles. Experiments have shown that the N-
BAR domain tubulate the membrane and forms a lattice-like oligomer coat
on the membrane tubule in vitro. The ordered oligomer structure may account
for the observed N-BAR density on the membrane, which is important for dy-
namin recruitment. Achieving a high resolution picture of the oligomer struc-ture experimentally is challenging, especially for the part of the protein that
interacts with the membrane, such as the N-terminal amphipathic helices.
Novel coarse-grained (CG) simulations are therefore reported that facilitate
a deeper understanding of these oligomer structures. A CG model, guided
by both atomistic molecular dynamics simulation data and cryo-EM (cryo-
electron microscopy) images, can be constructed. Screened electrostatic and
dipole-dipole interactions in the CG modeling are used. Multiple oligomer
structures are simulated and compared, which are guided by reconstruction
of cryo-EM images. Large-scale CG simulations, consisting of ~500K CG
sites for the phospholipid and proteins, are also performed to study the early
stages of membrane remodeling of liposomes induced by endophilin N-BAR
domains.
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Clathrin Self-Assembly into Polyhedral Cages by Computer Simulations
Wouter K. den Otter, Marten R. Renes, Wim J. Briels.
Clathrins are three-legged proteins that self-assemble into polyhedral cages
with important regulatory and mechanical functions in the formation of
cargo-laden vesicles at the cell-membrane (endocytosis) and the trans Golgi
complex. The essential features of self-assembly are innate to clathrins, as ca-
ges are also formed in purified slightly acid solutions. This bare-bones process
has been simulated here for the first time, revealing that an asymmetric distri-
bution of interactions along the leg’s circumference, rather than clathrin’s char-










sembled cages follows a simple selection rule. Simulations of planar clathrin
lattices indicate that the introduction of spontaneous curvature, through
a change of the clathrins’s puckers, does not make a plaque curl up into
a cage, but instead the plaque releases dome-shaped fragments which may sub-
sequently grow into cages by recruiting cytosolic clathrins.
2194-Pos Board B180
Theoretical Modeling of the Weaving of Clathrin into Nanoscale Baskets
Shafigh Mehraeen, Nicholas Cordella, Jee Soo Yoo, Andrew J. Spakowitz.
Many biological systems are capable of spontaneously assembling a diverse
set of molecular architectures from a single subunit, without the need to
pre-pattern the assembly. Cellular uptake of external substances is accom-
plished by a highly adaptive endocytosis process that accommodates a wide
range of cargo shapes and sizes. Clathrin-mediated endocytosis involves the
formation of a pit that is surrounded by a honeycomb coating whose pin-
wheel-shaped subunit is a clathrin-protein complex. We develop a theoretical
model for the thermodynamics and kinetics of clathrin assembly, addressing
the behavior in 2 and 3 dimensions, relevant to membrane and bulk assembly,
respectively. The clathrin triskelions are modeled as effective flexible pin-
wheels that form leg-leg associations and resist elastic deformation. Thus,
the pinwheels are capable of forming a range of ring structures, including
5-, 6-, and 7-member rings that are observed experimentally. Our theoretical
model employs Monte Carlo simulations to address thermodynamic behavior
and Brownian dynamics simulations to track the motion of clathrin pinwheels
at sufficiently long time scales to achieve complete assembly. With this the-
oretical model, we predict the phase diagram for clathrin assembly incorporat-
ing binding interactions, elastic deformation, and defect-pair coupling,
utilizing Kosterlitz-Thouless theory of defect-induced melting in 2 dimen-
sions. Using analytical theory and computational simulations, we explore
the role of binding strength and clathrin elasticity in the ability for clathrin
lattices to dynamically reorganize due to local changes in membrane elasticity
and tension. We then proceed to discuss the dynamics of lattice reorganization
during the process of a clathrin-coated membrane wrapping around a nano-
scale cargo.
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Rotational Motions of Endocytic Cargos Revealed by Single Particle
Orientation and Rotation Tracking (Sport)
Ning Fang, Gufeng Wang, Wei Sun.
Single-particle tracking (SPT) is a powerful approach to probe biological
processes at molecular level in live cells. However, conventional SPT tech-
niques are still having difficulties in reporting the orientation and rotational
